Objective: To describe the changes in the spino-pelvic parameters obtained after lumbar spine surgery. Methods: Prospective study. Results: The post-surgical pelvic parameters were found as follows: pelvic incidence of 75.75°, sacral slope 46.18°, pelvic tilt 19.68°. The sagittal balance was 30.93 mm, the postoperative lordosis was 66.06º. The surgery has significant effects on the patient's pain and posture. In our analysis, in a 12-month follow-up, we found: four patients (8.8%, two males and two females) with degeneration of the adjacent segment according to the criteria, and there was no degeneration of the underlying segment, nor any relationship with the spino-pelvic parameters. Conclusions: The degeneration of the adjacent segment does not correlate with the pelvic parameters. Level of Evidence II, Prognostic studies. Investigation of the effect of characteristics of a patient on the outcome of the disease.
INTRODUCTION
The intervertebral discs are avascular structures that are found between the vertebral bodies. 1 The disc bears forces of compression, flexion, and torsion; as the force applied at this level increases, the hydration of the disk and the rate of fluid expression decrease, causing rigidity of the anulus fibrosus and morphological changes to it, such as fissures, loss of disc weight, hypertrophy of the posterior elements, and the formation of osteophytes.
Adjacent segment degeneration (ASD) is defined as the disc generation that occurs in the mobile segments above and below the fused spinal level. When arthrodesis is performed, the center of rotation of the segment is altered, increasing the stress on and mobility of the facet joints and/or the discs of the adjacent mobile segments as a result of the transfer of movement of the fused segment to the neighboring non-fused segments. [2] [3] [4] [5] Intradiscal pressure on the superior adjacent segment increases by 45% after the lumbar arthrodesis causing degeneration of the disc. There are reports of histopathological and biochemical changes nine months after surgery from modifying the load patterns. the result of a degenerative process and secondary to the biomechanical changes following arthrodesis of the inferior adjacent segment. Using radiographic criteria and changes in the MRI, the incidence of ASD was 8% -100% (follow-up 36-369 months), while using clinical criteria, an incidence of from 5.2 -18.5% (44.8-164 months) was reported in patients who underwent arthrodesis. 1, 3, 4 The risk factors for ASD are osteoporosis, age greater than 55 years, more than one fused segment, biomechanical changes, changes in laminar or facet joint inclination, preexisting disc degeneration, narrow lumbar canal, postmenopause, and obesity. 1, 3, 4 The resulting clinical manifestations of these changes include lumbar pain, disc herniation, stenosis, spondylolisthesis, and deformity. 6, 7 The earliest changes to occur in the degeneration of the adjacent segment is the loss of intravertebral disc hydration that results in a decrease in disc height. 7 Biomechanical changes alter the stability of the spine, however, the degeneration of the adjacent segment has not been associated with changes in the pelvic parameters.
Spinal instability was described by Panjabi as "the loss of the ability of the spine to maintain its displacement patterns under physiological loads", 8, 9 a function that is maintained thanks to the harmony of three subsystems: the spine, the muscles, and the neural control unit. The coordination of these systems is evaluated indirectly through the radiographic parameters, including the spino-pelvic parameters ( Figure 1 ) that characterize the pelvis morphologically and functionally. These parameters are:
• Pelvic incidence. Defined by the intersection of a line drawn between the femoral heads in the middle of the sacral plateau and a line perpendicular to the middle of the sacral plateau, this angle describes the relationship between the sacrum and femoral heads and is a morphological constant. The normal values are 35º-85º.
• Pelvic tilt. This is the angle between a vertical line and a line drawn from the center of the femoral heads to the middle of the upper sacral plateau.
• Sacral slope. This refers to the orientation of the sacral plateau in relation to a horizontal line. [8] [9] [10] BMI less than 30, with adequate bone quality (determined through densitometry), without immune or rheumatic diseases, and with a signed informed consent form for the research participants in all cases. The study was conducted after approval by the Institutional Review Board under registration number 13/15.
Intervention design
The patients who met the inclusion criteria were admitted into the study protocol and dynamic and oblique AP (anterior-posterior) and lateral radiographs of the panoramic and lumbosacral spine were analyzed in a meeting of the doctors affiliated with the spine surgery service of the INR, who decided whether the patient was a candidate for surgery. They underwent fusion of one level, after which the same measurements were repeated.
Surgical intervention
All the patients were operated by posterior lumbar approach and 360º arthrodesis. After general anesthesia, the patient was placed in prone decubitus, with the hips fully extended and the lumbar approach was performed in the midline of level L4-L5, the posterior elements were dissected subperiosteally, pedicle screws were placed guided by fluoroscopy, decompression of the neural elements, discectomy, and preparation of the plateaus were performed, the PEEK (polyether ether ketone) cage filled with autologous graft was placed, proper placement was confirmed using the fluoroscope, the rods were positioned, and reduction of listhesis and compression of the screws were performed.
Analysis of the images
All the images were taken from the database of the National Rehabilitation Institute. An observer (orthopedist) took the measurements from the radiographic images with the DICOM system as follows:
• Disc height of each disc. The distance from a point at the center of the superior plateau to a point at the center of the inferior plateau of each disc from T12 to S1. • Segmental angle. Angles between the lines that extend from the lower plateaus, measured by a Cobb angle between each segment, from T12 to S1. • Pelvic incidence. Angle between the line perpendicular to the sacral plate and the line that joins the midpoint of the sacral plate and the bicoxofemoral axis.
• Sacral slope. Angle between the sacral plate and the horizontal plane.
• Pelvic tilt. Angle between the line that joins the midpoint of the sacral plate to the bicoxofemoral axis and the vertical plane.
• Lumbar lordosis. Angle between the superior endplate of L1 and the inferior endplate of L5. • Sagittal balance. Drop a plumb line from C7 and measure the distance from this line to the posterior edge of the sacrum in a lateral projection of the spine. From the magnetic resonance images of the lumbar spine taken from the DICOM system of the National Rehabilitation Institute, the degree of disc degeneration was determined by an observer using the modified Pfirrmann scale 11 ( Figure 2 ) in two separate measurements taken two weeks apart, for only the patients with degeneration at level L3-L4 of less than 5. The radiographic and biomechanical parameters of the superior adjacent segment were correlated as a functional spinal unit.
Degeneration of the adjacent segment
The radiographic criteria taken into account to classify the appearance of degeneration of the superior adjacent segment were:
• Decrease of more than 20% in the disc height of the superior adjacent segment 12 .
• Listhesis of more than 3mm in the neutral position radiograph.
• Angular movement of more than 10º measured using the White and Panjabi 13 method.
• Advance in disc degeneration in radiographs of one grade according to the UCLA classification. Spinal stability is maintained by these three systems, the failure of any of which causes spine pathologies 9 .
OBJECTIVES
To describe the changes in the spino-pelvic parameters obtained following surgery.
METHODS
This was a prospective study in which patients who had undergone surgery for fusion at one level (L4-L5) were evaluated postoperatively and after one year for the presence of degeneration of the adjacent disc and changes in the pelvic parameters. The study universe was comprised of patients diagnosed with degenerative L4-L5 Meyerding grade I or II spondylolisthesis, using the ICD-10 diagnostics for spondylolisthesis and degenerative spondylolisthesis (the database was obtained from the department of technology development of the in our hospital), who were treated in the spine surgery service of the in our hospital, between 49 and 75 years of age, of either sex, without previous lumbar spine surgeries, with 
Statistical analysis
Statistical analysis was performed with SPSS 20.0 Statistics software. Descriptive statistics were used for the quantitative variables through measures of central tendency (mean, median, and mode) and dispersion (standard deviation, maximum and minimum values and ranges). The qualitative variables were measured as percentages. A descriptive study of the parameters of the samples was conducted. For normal distribution, the means of the two groups were compared using the t test for independent samples. The chi square test was used for the qualitative variables. A value of <0.05 was established as a significant difference.
RESULTS
Twenty-six (57.8%) women and nineteen (42.2%) men participated in this study. The average age of the patients was 60.8 years (standard deviation [SD] 7.5) in an interval of 43 to 75 years. Weight ranged from 52 kg to 90 kg, with an average of 66.8 kg, and height from 1.41 cm to 1.79 cm, with an average of 1.60 cm. The average surgical time was 540 minutes. The average bleed was 396 ml, with a minimum of 70 ml and a maximum of 1100 ml. The minimum displacement was 3 mm and the maximum was 19.53 mm, with an average of 8.69 mm (SD 5.06 mm).
Regarding pain as evaluated by the visual analog scale for pain in the total sample, an initial value of 8.06±1.1 was obtained, which decreased after a year to 5.25±1.8 with p=.0001. A significant difference between the average pre-and postoperative values of the height of L4-L5 was observed (p=0.000) due to the presence of the interbody cage. In our analysis of the pelvic parameters, we found values of p=0.001 for pelvic incidence, p=0.000 for sagittal balance, p=0.001 for lumbar lordosis, p=0.001 for the T12-L1 segmental angle, in addition to a value of p=0.001 for preand postoperative pain, for which we concluded that the surgery had significant effects on the pain and posture of the patients. Considering the same variables for a diagnosis of degeneration of the adjacent segment used in the 2012 study by Alpizar et al. 2 (decrease of more than 20% in the height of the disc of the superior adjacent level, more than 3 mm of translation, listhesis of more than 3 mm in the neutral position radiograph, angular movement of more than 10º measured by the White and Panjabi method, progression of the disc generation in radiographs of one grade according to the UCLA classification), in our analysis in a 12-month follow-up we found four patients (8.8% of the total) with adjacent segment degeneration according to the criteria (two men and two women) and we did not observe any degeneration of the inferior adjacent segment. The spino-pelvic parameters of the patients with ASD were similar to those of the patients who did not present changes in both their initial and final evaluations.
DISCUSSION
Kong et al. 10 analyzed the changes in the spino-pelvic parameters of patients with degenerative L4-L5 spondylolisthesis who underwent surgical fusion. They observed that following surgical management all the patients presented recovery of the spino-pelvic parameters and improvement of pain as measured by the visual analog scale with an average follow-up of 23.8 months. An increase in the sacral slope (38.8±7.1 to 43.6±7.2º), an increase in lumbar lordosis (58.0±10.4 to 62.3±9.9º), and a reduction in the angulation of the pelvic inclination (20.2±8.3 to 15.3±7.8º) were recorded in those patients who presented less pain following the surgery (clinical improvement was defined as a change in the visual analog scale for pain of 3 points less than the preoperative evaluation), all of them changes which were statistically significant. 10 In our study, we observed changes in the spino-pelvic parameters similar to those reported by Kong: an increase of sacral slope and lumbar lordosis and a reduction of pelvic tilt, though not statistically significant. Sagittal balance remained within the normal range in all cases. 
CONCLUSIONS
Fusion of one level of the lumbar spine improves the final balance and the clinical scales. Degeneration of the adjacent segment does not correlate with the pelvic parameters.
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